Introduction
============

Wound healing defects and associated soft tissue damages are becoming more important in the orthopedic practice. This is due to the significant increase of prosthesis implantations \[[@R4]\], including knee prosthesis implantations and the demographic development of society. The demands on a long lifetime of the prostheses are consistently increasing due to the increasing life expectancy of the patients receiving prostheses. Standardizations in endoprosthetics, increased experience of surgeons and the further development of prostheses has led to the consistent improvement of long-term results and lifetime of artificial joints \[[@R5]\], \[[@R6]\] so that prostheses are implanted and replaced in younger patients as well. A secure and stable coverage with soft tissue is a basic requirement for good short-term and long-term results regarding the prosthesis. Without a sufficient coverage with vital soft tissue with a good blood supply, primary implant healing and primary wound healing are not possible. The risks of infection of the prosthesis and reduced capacity of the new joint exist. This is especially important for the knee because there is little soft tissue coverage in general which contributes to the increased risk for wound healing defects due to the surgical wound leading to a reduced blood supply. Transcutaneous measurements of oxygenation have shown that the level of oxygenation near the surgical scar necessary for wound healing is only reached after two to three days \[[@R7]\]\[. Besides the negative impact of the surgery itself on the primary wound healing, various other exogenous factors play a role in wound healing. The most important factors are rheumatoid arthritis, diabetes, long-term cortisone intake, malnutrition, nicotine use, hypothyroidism and existing multiple scars in the area of the surgery \[[@R8]\], \[[@R9]\], \[[@R10]\].

Material and methods
====================

Laing et al. \[[@R11]\] have described five stages of soft tissue defects after knee endoprosthetics 1992:

Stage 0: Redness near the wound without wound dehiscence or development of necrosisStage 1: Only superficial skin necrosis or tension blisters, deeper layers not affected; no fistulaStage 2: Extensive skin necrosis with fistula towards the knee, deeper layers of tissue not affectedStage 3: Joint fistula with dehiscence of deeper layers; a small part of the joint prosthesis is visibleStage 4 : Widespread tissue necrosis with wound dehiscence and visible prosthesis

For stages 0 and 1, a conservative treatment with fixation of the knee and bed rest for the patient is favoured and the soft tissue damage usually heals well without surgical treatment. For stage 2 and above, surgical measures are preferred. In stage 2, the superficial skin necrosis should be removed and temporary soft tissue coverage and vac-therapy should occur. A swab should be submitted for an antibiogram for subsequent antibiotic therapy. Permanent soft tissue coverage can occur in the case of asepsis. Depending on size, a split-skin (MESH-graft) or full-skin graft can be chosen.

For soft tissue damage of stage 3 (Figure 1 [(Fig. 1)](#F1){ref-type="fig"}), a muscle flap is necessary, because the deeper damages cannot be treated with mere skin transplants \[[@R12]\]. The benefits of muscle flaps, e.g. a gastrocnemius rotation flap, are evident: because the muscle flap is supplied with blood, it can be placed on infected wounds; this leads to a significant improvement of wound healing. This is due to secure soft tissue coverage of possibly exposed bone and prosthetic material. It is also due to the transportation of immunocompetent cells to the site of infection with the normal blood supply which leads to an improvement of wound healing and defence against infection \[[@R13]\]. For this stage, the elevation and use of one gastrocnemius muscle belly, medial or lateral, is sufficient (Figure 2 [(Fig. 2)](#F2){ref-type="fig"}).

The lateral gastrocnemius muscle flap plasty was first described by Barford and Pers \[[@R14]\] and the medial gastrocnemius muscle flap plasty was first described by Ger \[[@R15]\]. The localisation of the damage dictates which muscle belly should be used. The medial head is often longer and wider than the lateral head which is why it is usually used. Due to separate blood supply through the Aa. surales medialis and laterialis, the elevation of an isolated flap \[[@R16]\] and the coverage of almost the entire knee (Figure 3 [(Fig. 3)](#F3){ref-type="fig"}) is possible. The muscle belly should be lifted without a skin graft because this could cause problems with the closure of the skin near the location of extraction. For the dermal closure of the implanted muscle flap, split-skin (MESH-graft) with a thickness of 0.3 to 0.5 mm should be used. The muscular aponeurosis and parts of the fascia of the muscle should be removed, so that it can heal well (Figure 4 [(Fig. 4)](#F4){ref-type="fig"}).

In case of stage 4 soft tissue damage, both bellies of the gastrocnemius muscle can be used. An area of up to 60 square centimetres can be covered this way \[[@R17]\]. The muscle coverage with split-skin (MESH-graft) is also indicated (Figure 5 [(Fig. 5)](#F5){ref-type="fig"}, Figure 6 [(Fig. 6)](#F6){ref-type="fig"}, Figure 7 [(Fig. 7)](#F7){ref-type="fig"}, Figure 8 [(Fig. 8)](#F8){ref-type="fig"}, Figure 9 [(Fig. 9)](#F9){ref-type="fig"}).

If there is an intact suralis muscle, the expected muscular deficit regarding plantar flexion is remarkably small \[[@R18]\], \[[@R19]\] and there is little aesthetic defect involved with muscle flap plasty \[[@R20]\].

Results
=======

We treated 23 patients between 8/2004 and 3/2011 with a gastrocnemius muscle flap. 16 patients were treated for stage 3 soft tissue damage and seven patients were treated for stage 4 soft tissue damage. Accordingly, 16 patients received one-headed muscle flaps and seven patients received two-headed muscle-flaps with split-skin grafts from the ipsilateral thigh. Out of 23 patients, eight patients had to undergo surgery once more. Dehiscence or necrosis at the split-skin graft occurred in three patients, and this required repeated split-skin grafts. One patient experienced dehiscence near the extraction point of the muscle which was successfully treated with split-skin graft after vac-therapy. Four patients experienced recurring infection of the prosthesis with development of a fistula and large soft tissue destruction which was successfully treated with elaborate surgical measures in one case. The extremity could not be saved in three cases, and this resulted in above-knee amputation.

Conclusion
==========

Due to the increasing number of implantation of knee endoprostheses and the associated number of soft tissue damages, a standardized procedure for the treatment of these complications is necessary. In the case of deep soft tissue damages with fistulas reaching the prosthesis or exposing the prosthesis, the gastrocnemius muscle flap is a good method for secure coverage of the prosthesis with well-perfused tissue. Despite the high rate of complications of almost 35% which required at least another surgery, the amputation of the extremity could be avoided for 87% of the treated patients. This method of soft tissue reconstruction is a necessary skill for surgeons involved with the implantation of knee endoprostheses.
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